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)LJ3DUWLDOURRWSLSHZHOG2[LGDWLRQUHYHDOVWKHVKDSHRIWKHWHPSHUDWXUHGLVWULEXWLRQGXULQJZHOGLQJ
)LQLWH (OHPHQW $QDO\VHV DUH D YHU\ FRQYHQLHQW ZD\ WR SUHGLFW ZHOG UHVLGXDO VWUHVVHV EHIRUH RU DIWHU
PDQXIDFWXULQJ7KHUHVXOWVDUHRIWHQXVHGDVUDZGDWDLQVXEVHTXHQWIUDFWXUHPHFKDQLFVDQDO\VHVWRDVVHVVDPRQJ
RWKHUVFULWLFDOFUDFNVL]H7KHSURFHGXUHVLPXODWHVWKHVXFFHVVLYHDGGLWLRQRIPROWHQPHWDOWKDWFRROVDQGFRQVLVWVRI
WZR GLVWLQFW VWHSV D WUDQVLHQW WKHUPDO DQDO\VLV IROORZHG E\ DQ HODVWLFSODVWLF PHFKDQLFDO DQDO\VLV )RU SUDFWLFDO
UHDVRQVDQGGHVSLWHWKHWKUHHGLPHQVLRQDOQDWXUHRIWKHSUREOHPWKHVHVLPXODWLRQVKDYHXSWRYHU\UHFHQWO\EHHQ
FDUULHGRXWLQWZRGLPHQVLRQVRQO\VHHIRUH[DPSOH>@7KHEHQHILWVDUHREYLRXVHDVLHUPRGHOOLQJSURFHGXUHDQG
VPDOOHU PRGHOV OHDGLQJ WR ORZHU UHTXLUHPHQW RQ FRPSXWHU PHPRU\ DQG SURFHVVRU VSHHG 8QIRUWXQDWHO\ WKLV





EHDG LV ODLG GRZQ RYHU D FHUWDLQ GXUDWLRQ GXULQJ ZKLFK WKH EHDG IURQW ORFDWLRQ FRQVWDQWO\ PRYHV IRUZDUGV $
GHWDLOHGUHYLHZRILVVXHVUHODWHGWR'DQG'VLPXODWLRQVLVSUHVHQWHGLQ>@




H[WHQVLRQ JULQGLQJ D SRUWLRQ RI RQH RI VHYHUDO EHDGV DQG UHZHOGLQJ WKH UHPRYHG SDUW DOVRPDUNHGO\ DOWHUV WKH
UHVLGXDO VWUHVVHV LQ WKH UHJLRQ 'LIIHUHQW DWWHPSWV WR VWXG\ ZHOG UHSDLUV FDQ EH IRXQG LQ >@ ZKHUH FKDQJHV LQ
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6LPXODWLRQPRGHOV
7KHSXUSRVHRIWKLVVWXG\LVWRVLPXODWHWKHZHOGLQJSURFHVVEHWZHHQWZRF\OLQGHUV%RWKF\OLQGHUVKDYHWKHVDPH




































DGGLWLRQ RIPROWHQPHWDO WKDW FRROV LQ D VHTXHQFH RI WUDQVLHQW WKHUPDO DQDO\VHV DQG HODVWLFSODVWLF DQDO\VHV $OO
VLPXODWLRQVDUHFDUULHGRXWXVLQJWKH)LQLWH(OHPHQWSURJUDP$EDTXV>@
7KHUPDOVLPXODWLRQV












3.2. Three dimensional simulations 
$V SUHYLRXVO\ PHQWLRQHG ZKHQ GHDOLQJ ZLWK ' VLPXODWLRQ WKH QHHG IRU +HDW 6RXUFH &DOLEUDWLRQ YDQLVKHV
,QVWHDGGDWDIURP:HOGLQJ3URFHGXUH6SHFLILFDWLRQVFDQEHXVHGGLUHFWO\.QRZOHGJHRIWKHZHOGOHQJWKDQGRIWKH










%HDG   
%HDG   






VHHQ LQ )LJ  &RPSDULVRQ EHWZHHQ WKLV SLFWXUH DQG WKH SKRWRJUDSK\ LQ )LJ  VKRZV WKDW WKH VKDSHV RI WKH
WHPSHUDWXUHGLVWULEXWLRQVDUHYHU\VLPLODU
$ FRPPRQ ' VLPXODWLRQ WHFKQLTXH LV WR DGG PDWHULDO LQ D GLVFUHWH PDQQHU E\ UHSHDWHGO\ DFWLYDWLQJ VPDOO
SRUWLRQVRIWKHZHOGVHH>@IRUH[DPSOH+HUHLQVWHDGE\VZHHSLQJWKURXJKWKHZKROHEHDGOHQJWKKHDWLQSXWDQG
PDWHULDOGHSRVLWLRQRFFXUFRQWLQXRXVO\
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FRUUHVSRQGLQJ'FDVHV$[LDO VWUHVV GLVWULEXWLRQV DUHYHU\ VLPLODU ERWK LQ WKHZHOG DQG DW D GLVWDQFH VHH)LJ
+RRSVWUHVVGLVWULEXWLRQVDUHYHU\VLPLODUDWDGLVWDQFHZKHUHDVWKHKLJKVWUHVVDUHDVLQWKHZHOGLVVRPHZKDWVKLIWHG
WRZDUGVWKHQLFNHOEDVHGDOOR\VLGHVHH)LJ






















GLVWULEXWLRQ LV UHYHUVHG DQG VWUHVVHV JR IURP FRPSUHVVLYH RQ WKH LQVLGH WR WHQVLOH RQ WKH RXWVLGH 'LVFUHSDQFLHV
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7KHSODQHZKHUHWKHZHOGFORVXUHHYHQWRFFXUV LV WKHSODQH7KHULJKWSDUWRI WKHPRGHOEHWZHHQDQG





7KHSODQHZKHUHWKHZHOGFORVXUHHYHQWRFFXUV LV WKHSODQH7KHULJKWSDUWRI WKHPRGHOEHWZHHQDQG
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5HVXOWVIURPWKH'VLPXODWLRQVDUHVKRZQLQ)LJDD[LDOVWUHVVDQG)LJEKRRSVWUHVV$VIRUVWDUWVWRS
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